A Gram-stain-positive, rod-shaped, endospore-forming bacterium (designated strain CC-Bw-5 T ) was isolated from chopped tomato stems. The isolate grew at 20-40 8C, pH 6.0-8.0 and tolerated 6 % (w/v) NaCl. The most closely related strains in terms of 16S rRNA gene sequence similarity were Bacillus isabeliae (95.3 %) and Bacillus oleronius (95.3 %). The G+C content of the genomic DNA was 37.2¡3.6 mol%. Strain CC-Bw-5
A Gram-stain-positive, rod-shaped, endospore-forming bacterium (designated strain CC-Bw-5 T ) was isolated from chopped tomato stems. The isolate grew at 20-40 8C, pH 6.0-8.0 and tolerated 6 % (w/v) NaCl. The most closely related strains in terms of 16S rRNA gene sequence similarity were Bacillus isabeliae (95.3 %) and Bacillus oleronius (95.3 %). The G+C content of the genomic DNA was 37.2¡3.6 mol%. Strain CC- T was determined to possess C 16 : 0 , iso-C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 as predominant fatty acids. The polar lipid profile consisted of predominant amounts of diphosphatidylglycerol, and moderate-to-trace amounts of phosphatidylethanolamine, phosphatidylglycerol, two unidentified glycolipids, an unidentified phospholipid and an unidentified phosphoglycolipid. The cell-wall peptidoglycan contained mesodiaminopimelic acid; menaquinone (MK-7) was the predominant respiratory quinone. According to distinct phylogenetic, phenotypic and chemotaxonomic features, strain CC-Bw-5 T is proposed to represent a novel species within the genus Bacillus for which the name Bacillus lycopersici sp. nov. is proposed. The type strain is CC-Bw-5 T (5BCRC 80623
In 1872, Ferdinand Cohn proposed the genus Bacillus, with Bacillus subtilis as the type species. Most species of the genus represent Gram-stain-positive, rod-shaped, aerobic or facultatively anaerobic bacteria. Typical characteristics of members of the genus Bacillus are low DNA G+C content and containing menaquinone MK-7 as the major respiratory quinone. Due to their capacity to form endospores, they can survive long periods of high temperature. Whereas most species of the genus Bacillus prefer neutral pH and low salt concentrations, some can also grow in environments with high alkalinity (Denizci et al., 2010) , low pH (Albert et al., 2005) or high salinity (Pappa et al., 2010) . The genus Bacillus contains more than two hundred species with validly published names listed on the LPSN website (http://www.bacterio.net/bacillus.html). At the time of writing, three novel species, Bacillus luteus (Subhash et al., 2014) , Bacillus panacisoli (Choi & Cha, 2014) and Bacillus solimangrovi (Lee et al., 2014) have been newly described.
In this study, we aimed to clarify the taxonomic status of a novel bacterium, designated CC-Bw-5 T , which was isolated from tomato stems. Tomato plant (Solanum lycopersicum L.) was collected from a greenhouse belonging to Taichung senior high school of National Chung Hsing University (248 129 N 1208 689 E), Taichung, Taiwan. The chopped tomato stems were introduced into sterile water and shaken at 30 8C for 30 min. Subsequently, standard serial dilution was carried out and the mixture spread-plated on tryptic soy agar (TSA; Difco). Distinct bacterial strains were isolated, identified and preserved as glycerol suspension (30 %, v/v) at 280 8C for further characterization.
In this study, the morphological, biochemical and phylogenetic characteristics of a novel bacterium were described according to the minimal standards published by Logan et al. (2009) and Tindall et al. (2010) , employing the most closely related type strains, Bacillus isabeliae BCRC 17837 T (Albuquerque et al., 2008) and Bacillus oleronius KCTC 3776
T (Heyndrickx et al., 2012) as reference strains in parallel tests. For direct comparative analysis, B. isabeliae BCRC 17837
T was restricted to growth on marine agar (MA; Hi-media), B. oleronius KCTC 3776
T was grown on TSA at 30 8C for 2 days, unless specified otherwise. In order to clarify the taxonomic position of the novel strain, a polyphasic study including morphological and biochemical characteristics, phylogenetic analysis of the 16S rRNA gene, and polar lipid and cellular fatty acid composition was performed in comparison with reference strains of the genus Bacillus.
Cell morphology was studied by transmission electron microscopy (JEM-1400, JEOL) of samples stained with 0.2 % uranyl acetate as well as by light microscopy (model A3000, Zeiss). Gram staining was carried out using a Gram staining kit as described by Murray et al. (1994) . Growth of the strain CC-Bw-5
T was also tested on nutrient agar (NA; Hi-Media), R2A agar (BD Difco) and R3A-V medium (Tiago et al., 2006) . Sporangial appearance was observed after malachite-green staining of strain CC-Bw-5 T , grown on TSA plates (supplemented with 5 mg MnSO 4 l 21 ) for 1 week (Murray et al., 1994) . Colony morphology, presence of flagella and morphology of the cells of strain CC-Bw-5
T were investigated using colonies/cells grown on TSA agar. Growth was tested using tryptic soy broth (BD Difco) at temperatures of 20, 25, 30, 37, 40, 45 and 50 8C and pH 5-10 (in 1 unit increments). Salt tolerance was determined by cultivating the organism in broth supplemented with NaCl at final concentrations of 0-5 % (1 % increments). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w/v) N,N,N9,N9,-tetramethyl-1,4-phenylenediamine reagent (bioMérieux). The carbon source utilization pattern was determined by using the GP2 microplate system (Biolog). The activities of various enzymes were determined by using the API ZYM system (bioMérieux). Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin and assimilation of 12 substrates were tested with API 20 NE strips (bioMérieux).
A commercial DNA extraction kit, UltraClean (MO BIO) was used to extract the genomic DNA of CC-Bw-5 T for 16S rRNA gene amplification. The 16S rRNA gene of strain CC-Bw-5 T was amplified using the universal bacterial primers 1F and 9R as described by Edwards et al. (1989) . Primers 3F, 6F and 4R were used for sequencing reactions. Gene cycle sequencing was performed by using a Bigdye terminator kit (Heiner et al., 1998) and an ABI 3730 Genetic Analyzer (Applied Biosystems). The DNA sequences were then assembled using the Vector NTI 9.0 software (IBI) and uploaded to the EzBioCloud server (EzTaxon-e Database; Kim et al., 2012) and NCBI for identification. For the analysis of DNA G+C content, DNA samples were prepared as described by Mesbah et al. (1989) For phylogenetic analysis, the almost-complete 16S rRNA gene sequence (1510 nt) of strain CC-Bw-5 T was uploaded to the EzBioCloud (EzTaxon-e Database; Kim et al., 2012) and NCBI servers for BLAST search. To ascertain the phylogenetic position of the novel isolate, the 16S rRNA gene sequence of strain CC-Bw-5
T was compared with sequences obtained from GenBank. Multiple alignments of the sequences were performed using CLUSTAL X (version 1.83) (Thompson et al., 1997) . The phylogenetic analysis was performed with MEGA6 software (version 6.0; Tamura et al., 2013) and the topology of the resultant neighbourjoining (Saitou and Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) trees was evaluated by bootstrap analyses (Felsenstein, 1985) after 1000 replications.
For the investigation of chemotaxonomic characteristics, strain CC-Bw-5
T and the reference strains were harvested at a similar physiological age. Polar lipids were extracted and analysed by two-dimensional TLC as described by Minnikin et al. (1984) , and individual polar lipids were identified by spraying the plates with different reagents. Aminolipids were detected by spraying the plate with a 0.2 % (w/v) solution of ninhydrin in butanol saturated with water, followed by heating at 105 8C for 10 min (Ross et al. 1985) . Phospholipids were detected by spraying the plate with Zinzadze reagent (Dittmer & Lester, 1964) . Glycolipids were detected with a-naphthol spray reagent by heating at 100 8C for 3-5 min (Jacin & Mishkin 1965) . Total lipid profiles were obtained by spraying with 10 % (w/v) ethanolic molybdatophosphoric acid followed by heating at 150 8C for 10 min. Isoprenoid quinones were purified according to the methods of Minnikin et al. (1984) and analysed by HPLC as described by Collins (1985) . The cell-wall diamino acid was determined from whole-cell hydrolysates (6 M HCl, 100 8C, 18 h) subjected to TLC on cellulose plates using the solvent system of Rhuland et al. (1955) .
Fatty acid methyl esters (FAMEs) were prepared, separated and identified according to the standard protocol (Paisley, 1996) of the Microbial Identification System (MIDI) (Sasser, 1990 ) by using a gas chromatograph (7890A, Agilent) fitted with a flame-ionization detector. Strain CC-Bw-5 T and reference strains were cultured on 1/2 (v/v) marine agar (HiMedia) under similar physiological conditions (48 h at 30 8C). Grown culture was harvested from the plate and subjected to saponification, methylation and extraction (Miller, 1982) . Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0).
During 16S rRNA gene sequence analysis, the pairwise comparison indicated that strain CC-Bw-5
T shared a similarity with B. isabeliae BCRC 17837 T (95.3 %) and B. oleronius KCTC 3776 T (95.3 %), and other recognized species of the genus Bacillus (,95.0 %). The similarity values of the 16S rRNA gene sequence suggested that strain CC-Bw-5 T could be considered as a representative of a novel species since sequence divergence values of ¢3 % are recommended for species delineation (Stackebrandt & Goebel, 1994) . Phylogenetic trees were reconstructed by using 16S rRNA gene sequences with different phylogenetic analyses, which indicated that strain CC-Bw-5
T forms an individual cluster from most species of the genus Bacillus.
Regardless of different evolutionary comparisons, similar topology was obtained in all phylogenetic trees; the neighbour-joining tree is shown in Fig. 1 .
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Ammoniphilus oxalaticus RAOx-1 T (Y14578) 100 Colonies of strain CC-Bw-5 T were white, convex, circular and 1-2 mm in diameter after growth on TSA for 2 days. Ellipsoidal spores developed subterminally in strain CC-Bw-5 T . Cell morphology was observed by transmission electron microscopy (Fig. S1 , available in the online Supplementary Material). Strain CC- T could grow at 20-40 8C, pH 6.0-8.0, and was able to tolerate up to 6 % NaCl (w/v) in tryptic soy broth. The novel strain, CC-Bw-5 T , and the reference strains B. isabeliae BCRC 17837 T and B. oleronius KCTC 3776
T were positive for activity of urease, acid phosphatase, esterase (C4), trypsin, naphthol-AS-BI-phosphohydrolase and a-galactosidase; but negative for lipase (C14), b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase in the API ZYM system. Additionally, strain CC-Bw-5 T showed several distinct physiological and biochemical characteristics. A comparison of phenotypic properties between strain CC-Bw-5
T and the type strains of recognized species in the genus Bacillus is given in Table 1 . The detail phenotypic characteristics of strain CC-Bw-5 T are given in the species description.
Strain CC-Bw-5
T was determined to possess a DNA G+C content of 37.2¡3.6 mol%, which was within the range described for the genus Bacillus (Xue et al., 2008) . The polar lipids included predominant amounts of diphosphatidylglycerol, and moderate-to-trace amounts of phosphatidylethanolamine, phosphatidylglycerol, two unidentified glycolipids, an unidentified phospholipid and an unidentified phosphoglycolipid (Fig. 2) . The present polar lipid data are almost in line with data published previously for species of the genus Bacillus (Choi & Cha, 2014; Lee et al., 2014; Manickam et al., 2014; Subhash et al., 2014) . The cell-wall diamino acid of strain CC-Bw-5
T was mesodiaminopimelic acid (Fig. S2) , which is in common in a large majority of members of the genus Bacillus (Priest et al., 1988) . The major fatty acids in strain CC-Bw-5 T were determined to be C 14 : 0 , C 16 : 0 , iso-C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 , which are commonly detected among lipids of species of the genus Bacillus (Table 2) . Phospholipids were detected with Dittmer and Lester's Zinzadze reagent. Glycolipids were detected with a-naphthol spray reagent. DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PGL, phosphoglycolipid; PL, phospholipid; GL1-2, glycolipids. Based on the results of the polyphasic taxonomic study, strain CC-Bw-5 T is proposed to represent a novel species, Bacillus lycopersici sp. nov., within the genus Bacillus.
Description of Bacillus lycopersici sp. nov.
Bacillus lycopersici (ly.co.per9si.ci. N.L. gen. n. lycopersici of lycopersicum, the systematic name of the tomato).
Colonies are circular, raised and transparent after 2 days of incubation on TSA. Cells are Gram-stain-positive, endospore-forming rods, 1.6-1.7 mm in length and 0.2-0.4 mm in diameter; a flagellum is not observed. Can grow at 20-40 uC, at pH 6.0-8.0 and with 0-6% (w/v) NaCl. Oxidase and catalase show positive reactions. Nitrates are reduced to nitrites, and nitrites are reduced to nitrogen. The following carbon sources are utilized in the Biolog GP2 system: a-cyclodextrin, b-cyclodextrin, glycogen, D-fructose, L-fucose, a-D-glucose, a-lactose, maltose, maltotriose, D-mannose, melibiose, palatinose, raffinose, L-rhamnose, sucrose, trehalose, turanose, pyruvic acid methyl ester, L-asparagine, uridine and adenosine-5-monophosphate. Acid phosphatase, esterase (C4), trypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase and b-glucosidase are positive in the API ZYM system. The fatty acid profile consists of C 14 : 0 , C 16 : 0 , iso-C 14 : 0 , iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 16 : 0 and iso-C 17 : 1 v10c. The cell-wall diamino acid is meso-diaminopimelic acid. The polar lipids include diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, two unidentified glycolipids, an unidentified phospholipid and an unidentified phosphoglycolipid. The predominant quinone system is menaquinone (MK-7).
The type strain is CC-Bw-5 T (5BCRC 80623 T 5JCM 19140 T ), isolated from chopped tomato stems, in Taiwan. The DNA G+C content of the type strain is 37.2 + 3.6 mol%. 
